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T h i s  r e p o r t  was pre;:ared as an account o f  Government: zponsored work. N e i t h e r  
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mat ion conta ined i n  t h i s  repor t ,  or t h a t  t h e  use o f  any in format ion,  

apparatu3, riLtt-,sd, o r  proces5 $. ' isclosed i n  t h i s  r e p o r t  may no t  
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r e s u l t i n g  from the  use of any in io rmct ion ,  spparatus, method o r  

proccss di;c;a;-3:.1 i n  t h i s  r c s a r 4 .  
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c o n t r a c t o r  o f  NASA, o r  eir,ployce of  s ~ c i ;  con t rac tc r ,  t G  t he  ex ten t  t h a t  such 

employee o r  c o n t r a c t o r  04 PiASH, O r  eripIoyee o i  such c o n t r a c t o r  prepares, 

d isseminates,  o r  prov ides sccess to, s i iy  i n fo rma i ion  pursuant t o  h i s  employ- 

ment or c o n t r a c t  w i t ?  NASA, o r  h i s  e:npIc;ment w i t h  such c o n t r a c t o r .  
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A t t e n t i o n :  AFSS-A 
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c e l l  were measured w i t h  the  e l e c t r o l y t e  i n  bo th  

s t a t e s .  Then, i n  o rder  t o  e l u c i d j t e  the na ture  

i n t e r f a c e  and i t s  d i f f e r e n c e s  from those o f  t he  

z x p l o r a t o r y  e l e c t r o d e p o s i t i o n  s tud ies were i n l t  

ABSTRACT 

Our ing t h i s  quar ter ,  e l e c t r o d e  emfs and e l e c t r o l y t e  c o n d u L t i v i t i e s  o f  one 

the l i q u i d  and dense gaseous 

dense gaseous e l e c t r o d e  

e lec t rode  in te r face ,  

t was a n t i c i p a t e d  t h a t  

m J e r  cond i t i ons  i n  which a metal  and hydrogen would be co-deposited, t he  

depos i t  ou t  o f  t he  l i q u i d  s t a t e  would be pock marked due t o  bubble format ion,  

whereas t h a t  out  of t he  dense gaseous s t a t e  shoclld be more cont inuous. The 

l a t t e r  should show up by a more c r y s t a ! l i n e  appearance, since, i n  t h e  absence 

o f  a l i q u i d  skin,  the hydrogen should escape w i thout  b l o c k i n g  F;ol-tions o f  

the  sur face  by bubble format ion.  The i n i t i a l  data ob ta ined t h i s  qua r te r  

appear t o  c o n f i r m  t h e  expec ta t i on  t h j t  r r e t a l l i c  depos i ts  from dense gaseous 

e l e c t r o l y t e s  a r e  s i g n i f i c a n t l y  more c r y s t a l l i n e  than those from l i q u i d  

e 1 e c t  r o l  y t e s  . 

o f  the  

1 i q u i d  

ated. 

One ct.zlI (No. 81) was prepared w i th  two Pb/PbCl, e lec t rodes  :.nd two Pb(Eg) 

(1.77 and 0.75 mole $ o f  lead)/PbC12 e lec t rodes .  

mate ly  0.01 N K C l  i n  ammonia a t  -78 C, and 0.025 M a t  140OC. 

run cont inuous ly  from 23 t o  14OoC and back t o  115OC over a p e r i o d  of  e leven 

days. E lec t rode emfs were measured a t  i n t e r v a l s  o f  5 :.I over the e n t i r e  range. 

C e l l  impedances between the  two P b  L lec t rodes  wzre a l s o  measured throughout 

t h i s  range us ing  the n u l l  s e n s i t i v i t y  o f  t he  p o t e n t i o m e t r i c  vo l tmeter .  The 

e l e c t r o l y t e  impedance was measured from 140 down t o  120 C u s i n s  the  fou r -  

probe method. Accurate and cons is ten t  impedance data were ob ta ined vJith the  

L 

The e l e c t r o l y t e  was approx i -  

0 
The c e l l  w s  

0 

0 0 

i 



, 
l a t t e r  method. The e l e c t r o d e  emfs  were f a i r  

a l ead  amalgam and a lead e lect rode,  gave f a  

a l a r g e  p a r t  of  the  temperature range. 

y unstab le  a l though one pa i r ,  

r l y  s a t i s f a c t o r y  r e s u l t s  over 

E i g h t  e l e c t r o d e p o s i t i o n  c e l l s  were b u i l t  and f i l l e d  and s i x  e l e c t r o d e p o s i t i o n  

exper iments were run. E l e c t r o l y t e s  were: AgNO Pb(N03)2, Ag2S and CuCI. 

The so l ven t  i n  a l l  cases was ammonia i n  the  l i q u i d  o r  dense gaseous s t a t e  

depending on temperature. The r e s u l t s  on the  i n d i v i d u a l  c e l l s  f o l l o w .  

3' 

C e l l  E2 conta ined AgNO i n  NH The p l a t e  from t h e  l i q u i d  a t  room temperature 

was sponge-1 i ke dhereas t h a t  deposi ted from the  gaseous e l e c t r o l y t e  was more 

c r y s t a l l i n e  i n  appearance w i t h  small whiskers growing r a d i a l l y  f rom t h e  w i re .  

9 1 ~ 0 ,  t h e r e  were l a rge  whiskers which were heavy and mossy i n  appearance. The 

c u r r e n t  d e n s i t i e s  f o r  t he  two p la tes  were d i f f e r e n t .  

3 3' 

The e l e c t r o l y t e  i n  C e l l  E 3  was AgNO i n  ammonia. A smooth low temperature 

p l a t e  was ob ta ined,  The bomb i t s e l f  f a i l e d  d u r i n g  the  h i g h  temperature phase 

o f  t h e  run, t e r m i n a t i n g  the  experiment. 

3 

C e l l  E4 conta ined Pb(N0 ) i n  ammonia. The purpose o f  us ing  lead was to t r y  

t o  depos i t  a s o f t  metal out  of dense gaseous e l e c t r o l y t e  i n  o rder  t o  compare 

i t  vltith depos i ts  o f  harder meta ls .  Use o f  lead may no t  be poss ib le .  The 

low temperature deposi t  was i n  the form o f  y e l l o w i s h  lumps; the  depos i t  had 

no m e t a l l i c  appearance. 

temperature c o n d u c t i v i t y  was unexpectedly h igh .  It i s  probable t h a t  s o l v o l y -  

s i s  occurred w i t h  the  p r e c i p i t a t i o n  o f  Pb(NH ) 

"acid" ammonium n i t r a t e ,  which has a h i g h  c o n d u c t i v i t y .  The y e l l o w  m a t e r i a l  

on the  low temperature deposi t  may be Pb(NH2)* o r  PbNH. 

3 2  

There was no h i g h  temperature depos i t .  The h i g h  

and the  fo rma t ion  o f  t he  2 2  

.. 
I i  



C e l l  E6 conta ined AgNO i n  ammonia. S i l v e r  was e l e c t r o d e p o s i t e d  a t  room 

temperature and a t  142 C .  The deposi t  a t  room temperature was non-uni form 

and gray.  The depos i t  a t  42 C was q u i t e  u n i f o r m  and l i g h t  i n  c o l o r ;  t h e  

sur face  ha3 a s p a r k l i n g  ap carance, i n  c o n t r a s t  t o  th2  u n i f o r m l y  sh iny 

appearance u s u a l l y  observed on depos i ts  f rom t h e  l i q u i d s .  A t  t h e  t i p  of  the 

p la t inurn e l e c t r o d e  t h e r e  was a growth o f  whiskers o r  needles which were about 

0.01 i n .  long.  The Taseous e l e c t r o l y L e  impedance was unexpectedly low. 

3 
0 

0 

C e l l  E 5  was f i l l e d  w i t h  45 S i n  t;H Resu l ts  vJith t h i s  c e l l  were ambiguous. 

I t  i s  not  c l e a r  wiz.:her enough o f  the  m a t e r i a l  d i s s o l v e d  t o  form a use fu l  so lu-  

t i o n .  I t  appeared t h a t  silver wss deposi ted a t  room temperature because the  

emf assoc ia ted  N i t h  t h e  plat inurn e l e c t r o c k  on which s i l v e r  was reduced w3s in-  

creased f r o T  aboilt 1 t o  abcut 350 mv. On s tand ing  do hours a t  room temperature, 

t h e  e m f s  drop& t c  a few m i l l i v o l t s .  A f t e r  t h e  e l e c t r o d e p o s i t i o n ,  the  emf 

o f  t h e  anode decrezsed by about 30 m i l l i v o l t s  and t h i s  decrease p e r s i s t e d  

a f t e r  bd houis.  

2 3 .  

Cell E10 co:itcine:l CuCl i n  aT,rr;Gnia. I t  was hoped t h a t  monovalent copper would 

b.? so u b l c  i n  ammonia and t h a t  t h c  r e d  c o l o r  cc copper would make t h e  depos i t  

r z a d i  y v i s i b l e  aga ins t  the  b la t inum subs t ra te .  

t h e  1 q u i d  s t a t e  were dery dark copper r z d  i n  c o l o r  and had no m e t a l l i c  appear- 

ance. \‘hen t h e  c e l l  was examined a f t e r  the  h i g h  tcrf iperature k l a t i n g ,  t h e  low 

temperature depos i t  was no lo ger  v i s i b l e ;  n e i t h e r  were any h i g h  temperature 

depos i ts .  

Thz d e p o s i t s  a t  -3OOC f rom 

I t  i s  planned t o  co . i t inuc  t h e  e l e c t r o d e p o s i t i o n  exper iments i n  t h e  next  q u a r t e r  

i n  o r d e r  t o  c l a r i f y  the  r e s u l t s  of t h e  present  experirnsnts as well as t o  com- 

p l i t e  t h i s  3spect o f  the program. I n  a d d i t i o n ,  we p l a n  t o  adapt po la rograph ic  

. . .  : : :  



techniques t o  our p a r t i c u l a r  experimental condit ions and t o  use t h i s  t o o l  t o  

unravel the source of the unexpectedly high c o n d u c t i v i t i e s  i n  the  dense gas- 

eous e l e c t r o l y t i c  s t a t e  which we observed i n  several cases. 

i v  



1.0 EMF AND CONDUCTIVITY MEASUREMENTS 

Dur ing  t h i s  quar te r ,  e lec t rode  emfs and e l e c t r o l y t e  c o n d u c t i v i t i e s  o f  one 

c e l l  were measured; t h e  remainder o f  t h e  t ime was devoted t o  e lec t rodepos i -  

t i o n  experiments, The emf-conduct iv i ty  ce l  i was success fu l l y  run  t o  14OoC 

and was recovered i n t a c t  a f t e r  t h e  experiment. In  s p i t e  of severe i n s t a -  

b i l i t i e s  i n  t h e  e lec t rode  emfs, the c o n d u c t i v i t i e s  were measured success- 

f u l l y  by the  four-probe method and some i n t e r e s t i n g  r e s u l t s  were obtained. 

1.1 CELL 81 

T h i s  c e l l  i s  o f  a d i f f e r e n t  design than those used p r e v i o u s l y  and i s  shown 

i n  F ig .  1 .  I t s  design enables us t o  me l t  e l e c t r o d e  m a t e r i a l s  under vacuum 

by hea t ing  each e l e c t r o d e  compartment separa te ly  w i t h  a to rch .  

was prepared w i t h  two lead-amalgam/PbCl e lec t rodes  and two  s o l i d  lead/PbCl 

e lect rodes,  i n  o rder  t o  f u r t h e r  evaluate the  behavior  o f  s o l i d  lead/PbCl 

e lec t rodes .  The e lec t rode  composi t ions were as fo l l ows :  

T h i s  c e l l  

2 2 

2 

A phase t r a n s i t i o n  should occur i n  e l e c t r o d e  A a t  about 25 - 3OoC. 

t h i s  temperature, each o f  t h e  m e t a l l i c  p o r t i o n s  o f  t h e  c l e c t r o d e s  should 

be s i n g l e  phase. About 10 mg o f  PbCl WEIS added t o  each o f  t h e  amalgam 

e lec t rodes  w h i l e  about 3L mg o f  PbCI2 was added t o  each of t h e  solid lead 

Above 

2 

e lec t rodes .  The s o l i d  e lec t rodes  were 

g ranu la r  lead and PbCl under vacuum. 

t a c t  cou ld  be produced betwecn the two 

2 

formed by m e l t i n g  a m i x t u r e  o f  

I t  was hoped t h a t  an i n t i m a t e  con- 

m a t e r i a l s  i n  t h i s  manner. 



Freeze C u p  

Expansion Volume 

). 

Electrode B 

I 
Electrode D 



Unfo r tuna te l y ,  most or a l l  of the  PbCl became separated from t h e  l ead  i n  

e l e c t r o d e  C d u r i n g  fus ion .  t o  t h e  o the r  e lec t rodes  

appeared s a t i s f a c t o r y .  The c e l l  was f i l l e d  t o  h a l f  o f  i t s  volume w i t h  a 

0.01 normal s o l u t i o n  o f  K C I  i n  ammonia a t  -78OC. 

2 

The a d d i t i o n  o f  PbCl 2 

T h i s  c e l l  was run  con t inuous ly  from room temperaturd t o  lW°C and back t o  

115OC over a p e r i o d  o f  1 1  days. 

Measurements o f  e l e c t r o d e  zmfs were  taken a t  i n t e r v a l s  o f  5 C over t h e  

completz range. Using t h e  n u l l i n g  s e n s i t i v i t y  o f  t h e  p o t z n t i o m e t r i c  v o l t -  

meter, t h z  c e l l  impedance bdtwezn e lec t rodes  B and C was obtained, as 

descr ibed i n  t h z  l a s t  q u a r t d r l y  r i p o r t .  Us ing  the  four -p robe method, the  

e l x t r o l y t e  impedance was obtained, u s i n g  4 and D a s  working e lec t rodes  

an3 B and C as measuring s l x t r o d e s .  T h i s  was donc d u r i n g  the  decreasing 

temperature p o r t i o n  o f  t h z  run  from 140 t o  120 C.  T h i s  impedancc i s  n o t  

between e lec t rodes  6 and C bu t  between t h e  p o i n t s  on thd c,ntral tube o f  

t h e  c z l l  whcre the  t u t u l q t i o n s  from these cl lectrodcs j o i n  the  c e n t r a l  tubc, 

The c e l l  was removed i n t a c t  from the  bomb. 

0 

0 0 

naiiie:y point; E an:! F c)R F i g .  1 

The r e s u l t s  a r e  summarized i n  Table 1 .  The e l e c t r o d e  emfs a r e  f a i r l y  uns tab le  

( F i g .  2, 3 and 4), e s p e c i a l l y  those i n v o l v i n g  e l e c t r o d e  C. 

DB i s  t h e  bcs t  behaved i n d i c a t i n g  t h a t  t h e  s o l i d  Icad d l d c t r o d e  B may be 

f a i r l y  s tab le .  A s  can be seen f r o m  Table 1 ,  t h e  emf bztwczn t h z  supposedly 

i d e n t i c a l  z lec t rodes  6 and C was apprzc iab l y  d i f f b r m t  f rom zero.  An 

a t tempt  t o  reform e l e c t r o d e  C by passing a c u r r e n t  be twcm Glectrodes A 

and C a t  14OoC i n  o rde r  t o  form a PbCI2 l a y e r  on C produced no s i g n i f i c a n t  

change i n  t h e  e l e c t r o d e  zmfs. Thd c e l l  impkdance betwczn d l z c t r o d e s  B and C 

The combinat ion 



TABLE 1 

T I M E  
HOURS 

0 
87 2 5  
95.17 
120.33 
157.75 

159 033 
141 .oo 
162.50 

,165.00 

166.75 
176.50 
178 -33 
180.00 
181.25 

183.67 
186.00 
187.25 
204.83 
206.33 

207.08 
208.83 

229.42 

230.83 
232 33 
234.00 
241.50 
253 *83 

257.17 
257 -83 
258 .oo 
259.17 
260.33 

262 .oo 
263.17 
265 -00 

164.00 

9 1 1  A7 

214.33 
L I  I . V ,  

TEMP 
C 

22 
19 
21 
21 
21 

27 
33 
39 
44 
50 

54 
60 
66 
71 
75 

80 
85 
e9 
93 
99 

105 
110 
! !5 
120 
123 

128 
136 

- 

140 
140 
140 

140 
140 
140 
140 
135 

130 
125 
120 

DA 

-10.6 
+ 5.4 
+ 5.9 
+ 5.9 
+ 6.0 
+ 4.6 
+ 4.2 
+ 5.2 
+ 9.2 
+15 

+15.9 
+13.5 
+I305 
+14.1 
+15.0 

+16.3 
+17.2 
+18.6 
+19.1 
+l9.l 

+I703 
+16.5 
+!5.5 
+16.5 
+ 9.7 

+ 9.6 
+ 9.5 
+ 9.3 
+10.3 
+ 8.5 

+ 8.3 
+ 8.9 
+ 9.4 
+ 8.9 
+ 9.4 

+ 9.6 
+ 9.9 
+14.1 

DB - 
+ 1.6 
- 0.6 
+ 1.1 
+ 2.6 
+ 4.3 

+ 2.5 
+ 0.1 
+ 1.2 
+16.9 
+16.3 

+21 .g 
+23.8 
+25 .o 
+26.0 
+27.2 

+29.1 
+30 3 
+31 .O 
+32 3 
+34.0 

+36 -5 
+37 -9 
+37.4 
+33 -8 
+32.4 

+30.4 
+25.4 
+26.5 
+29.4 
+32.1 

+32.2 
+32 3 
+32 3 
+32 5 
+32.6 

+32.6 
+32.8 
+40.6 

DC 

-32 .O 
+ 2.6 
+ 4.3 
+ 5.3 
+ 6.8 

-52.4 
+ 1 1  
+23 
+22.8 
+I505 

+18.8 
+20.5 
+21.5 
+22.5 
+23 5 

+25.8 

+27.8 
+18.1 
+20.0 

+20 .o 
+20 .o 
+2n .5 
+25 05 
+18.4 

+18.6 
+19.6 
+20.7 
+22.4 
+21.2 

+21.1 
+21.1 
+20.4 
+21.7 
+20.8 

+20.2 
+20.6 
+22 -6 

-26.7 

ELECTRODE EMF I N  MV 
BC 

-25 -3 
+ 3.4 
+ 3.1 
+ 2.7 
+ 2.5 

-53 -6 
+ I  1.3 
+22.6 
+ 5.5 - 1.3 
- 3*5 
- 3-3 
-. 3-5 
- 3.5 
- 3.8 
- 3*7 
- 3.9 
- 3.3 
-14.2 
-14.3 

-16.5 
-18.1 
-17.0 
- 8.4 
-15.4 

-12.3 
- 6.7 
- 5.8 
- 7.6 
- 1  1.2 

-1  1.7 
-1 I .6 
-12.0 
-11.1 
-12.1 

-12.4 
-12.6 
-18.0 

CELL IMPEDANCE 
BC I N  OHMS 

5 

5 1.11~10~ 

9.99x 10 
6 6.14~106 

6.69~10~ 
6.14~106 

5 2.12xlO 
2.50~ 10 

5.62~10 5 l.llxl0 

9.99x 104 

4.92~ 10’ 5 
5 8.52~ 1 0 

8 ..52x 1 o5 
5 9.61~10 
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as determined from n u l l  s e n s i t i v i t y  i s  shown i n  F ig .  5. The very wide 

s c a t t e r  of t he  measured p o i n t s  i nd i ca tes  m a l f u n c t i o n  o f  a t  l e a s t  one o f  

t h e  e lec t rodes .  Such e l e c t r o d e  ma l func t i on  should hava t h e  e f f e c t  o f  

i n c r e a s i n g  the  c e l l  impedance above i t s  normal value. The lower p o i n t s  

on F ig .  5 should t h e r e f o r e  be the  most meaningful and the  l i n e  drawn through 

them has a q u i t e  reasonable shape. The "knee" i n  t h i s  l i n e  occurs a t  a 

temperature o f  127 C and i n d i c a t e s  the  p o i n t  where t h e  c e l l  i s  completely 

f i l l e d  w i t h  a s i n g l e  phase l i q u i d  e l e c t r o l y t e .  A t  temperatures above t h i s  

p o i n t ,  t he  e l e c t r o l y t e  dens i t y  i s  constant and the  impedance does not 

change much w i t h  changing temperature. A t  temperatures be ow t h i s  p o i n t ,  

t h e  d i e l e c t r i c  constant of t h e  e l e c t r o l y t e  decreases w i t h  ncreas ing  temper- 

a t u r a  so t h a t  the  c e l l  impedance i s  an i nc reas ing  f u n c t i o n  o f  temperature. 

0 

T h i s  f e a t u r e  i s  shown more c l e a r l y  i n  F ig .  6 o f  t h e  four-probe measurements 

o f  t h e  e l e c t r o l y t e  impedance between the  p o i n t s  E and F ( c f .  F ig .  I ) .  These 

measurements were ob ta ined by passing a c u r r e n t  betwcen e lec t rodes  D and A 

w h i l e  measuring the  vo l tage  between e lec t rodes  B and C. F ig.  6 shows some 

examples o f  t he  vo l tage  BC vs the  c u r r e n t  AD. 

o f  t h e  temperature p o i n t s  i nves t i ga ted .  The v vs i p l o t s  were a l l  q u i t e  

l i n e a r ,  t h e  s lope be ing  the  c l e c t r o l y t s  impedance between p o i n t s  E and F. 

T h i s  impedance i s  p l o t t e d  vs temperature i n  F ig .  7. T h i s  p l o t  has a ''kneel1 

3 t  l26.'joC, i n  agreement w i t h  t h z  n u l l  s e n s i t i v i t y  measurements, and, a s  

before,  t he  impedance i s  an inc reas ing  f u n c t i o n  o f  temperature be o w  t h i s  

po int .  I t i s  a l s o  seen t h a t  above t h i s  p o i n t ,  t h e  impcdancc: i s  a decreasing 

f u n c t i o n  o f  temperature, which i s  encouraging from th, p o i n t  o f  v ew o f  a 

Such p l o t s  were made a t  each 



1 

9 
!n 

0 
cu 

0 c- L n  r;\ 

0 0 0 
swc(o6aw u! a3uepadwi 
c 

cu 
0 

c 

0 
0 
c 

0 
a3 

0 
9 

0 
3 

3 
N 

3 

a, 
x 

G 
V 

in 

cn 
LL 
.- 



2ootlb 

'7 

6 

0 

2 3 4 5 0 1 

Current AD ( m i  croamps) 
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p o s s i b l e  gas phase b a t t e r y .  The impedance between E and F i s  less than 

t h a t  between E and C by a f a c t o r  o f  about 2.5, as i s  expected from the  c z i l  

geometry. Pn unexpected fdaturc:  o f  t he  v vs  i p l o t s  ( F i g .  6) i s  t h a t  t he  

l i n e s  corresponding t o  the  oppos i td  d i r e c t i o n  o f  c u r r e n t  a r e  d i sp laced  i n  

vo l tage  f o r  t he  h igher  temperatur? po in ts .  

f o r  t h e  lower temperature po in ts ,  so t h a t  the  l i n e s  f o r  the  two c u r r e n t  

d i r a c t i o n s  co inc ide  f o r  tcmpcratures below the  c ~ l l  f i l l i n g  p o i n t  and a r e  

d i sp laced  by inc reas ing  amount 3 s  the tempzrature i s  increased above t h i s  

p o i n t .  ThG reason f o r  t h i s  behavior has  not  ye t  b tdn  dctdrmincd. 

Th is  displacemsnt disappears 
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2.0 ELECTRODEPOSITION EXPERIMENTS 

2.1 DISCUSSION 

Befo re  t u r n i n g  t o  the exper imental  data, we ;ha!! discuss the o b j e c t i v e s  and 

our  con jec tures  concerning t h i s  aspect o f  the  program. 

phases o f  t he  program we have shown t h a t  dense gaseous e l e c t r o l y t i c  s o l u t i o n s  

do no t  a f f e c t  t he  thermodynamic o r  e q u i l i b r i u m  p r o p e r t i e s  o f  amalgam con- 

c e n t r a t i o n  c e l l s .  I n  a sense t h i s  was a c o n f i r m a t i o n  of an expec ta t ion ;  

nonetheless,  s ince  t h i s  i s  t h z  f i r s t  t ime such s tud ies  have been undertaken, 

i t  i s  e s s e n t i a l  t o  e s t a b l i s h  the bas ic  behavior o f  the system. 

B r i e f l y ,  i n  the  e a r l i e r  

I n  t h i s  newzr phase o f  t he  program we a r e  concerned w i t h  f i n d i n g  e l e c t r o -  

chemical p r o p e r t i e s  t h a t  a re  a f f e c t e d  by the s t a t e  o f  t h c  z l e c t r o l y t e .  One 

promis ing  aspect which has never been examined i s  the  study o f  t he  p r o p e r t i e s  

o f  t h e  e l e c t r o l y t e - e l e c t r o d e  i n t e r f a c e .  The present s e r i e s  o f  exper iments 

i s  designed t o  p rov ide  an exp lo ra to ry  survey o f  steady s t a t e  i n t e r f a c i a l  

phenomena us ing  a s imple but e f f e c t i v e  technique, t h a t  o f  e lec t rodepos i t i on .  

Our con jec tu res  gu id ing  these experiments w i l l  now be discussed. 

P r i n c i p a l  d i f f e r e n c e s  i n  behavior o f  c e l l s  us ing  l i q u i d  versus gaseous 

e l e c t r o l y t e s  should inc lu - ,z :  ( 1 )  the  presence versus absence o f  a l i q u i d  

s k i n  a t  t he  i n t e r f a c e ;  a r ?  (2)  t h e  i nva r iance  a t  a g iven tcmpcrature versus 

easy v a r i a t i o n  o f  d i e l e c t r i c  constant o f  the  so lvent  as w e l l  as degree of 

s o l v a t i o n  o f  t he  so lu te .  The t o o l  we are  us ing  fcr t h i s  e x p l o r a t i o n  i s  

e l e c t r o d e p o s i t i o n  o f  a metal .  Experiments a re  be ing  run by c a r r y i n g  out  t h e  

d e p o s i t i o n  from the l i q u i d  s t a t 2  a t  var ious  temperatures and from t h e  dense 

gaseous s t a t e  a t  e leva ted  tenperatures.  I n  t h i s  way s ide  e f f e c t s ,  such as 
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those produced by t r a c e  impur i t i es ,  may be s i m i l a r  f o r  bo th  types o f  depos i ts  

f o r  a g iven c e l l .  

The parameters t o  be v a r i e d  inc lude cu r ren t  densi ty ,  pH, the  per  cent f i l l i n g  

(wh ich  leads t o  v a r i a t i o n  o f  d i e l e c t r i c  constant and degree o f  s o l v a t i o n  i n  

t h e  dense gaseous so lu t i ons ) ,  and the use o f  s o f t  versus hard metals.  

v a r y i n g  the pH o f  t he  s o l u t i o n  ( t h e  a c i d  i s ,  o f  course, NH4 ), we can i n f l u -  

ence t h e  r a t i o  o f  hydrogen l i t e r a t e d  t o  metal  deposi ted.  I n  the  case o f  

d e p o s i t i o n  f rom the  l i q u i d  s ta te ,  a s  molecular  hydrogen desorbs from the  

sur face,  i t  w i l l  be cons t ra ined t o  the neighborhood o f  the  sur face by the  

su r face  tens ion  o f  t he  l i q u i d .  Thus bubbles form and p a r s i s t  i n  the  neigh-  

borhood o f  the sur face.  The e lec t rodepos i t  from the  l i q u i d  s t a t e  under 

unfavorable cond i t i ons  can then look l i k e  a porous o r  pock-marked depos i t .  

Decr2asing the  pH by the  a d d i t i o n  of NH NO w i l l  increase the  amount o f  

hydrogen evo lu t i on ,  and t h e r e f o r e  the bubble e f f e c t .  

By 
+ 

4 3  

may d i f f u s e  back t o  the su r fa le ,  but the i i ,a jor  

In  no case w i l l  t he re  be 3 mechanical o b s t r u c t  

p revents  e l e c t r o d e p o s i t i o n  i n  i t s  neighborhood 

Turn ing  now t o  e l e c t r o d e p o s i t i o n  from the  dense gaseous s ta te ,  we immediately 

no te  one very  .--*-F t a n t  ch3:nge. 3.5 t h e  molecular  hydrogen desorbs from the  

surface, i t  i s  no t  cons t ra ined t o  s tay i n  the  neighborhood o f  the  surfacd, 

but can d i f f u s e  i n  any d i r e c t i o n  i n  the  e l e c t r o l y t i c  gas. A small amount 

w i  1 1  l save permanently. 

such as a bubble which 

hus, i n  the  case o f  t h e  

gaseous c l zc t rodepos i t i on ,  one might expect a g rea te r  coherzncy o f  deposi-  

t i o n ,  which may man i fes t  i t s e l f  i n  a more c r y s t a l l i n e  deposi t ,  under favo rab le  

c o n d i t i o n s  i t  may be poss ib i c  t o  deposi t  s i n g l e  c r y s t a l s  o r  whiskers.  

t Y  

on 
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2.2 SUMMARY 

Dur ing  the  past  quar te r ,  e i g h t  e lec t rodepos i t i on  c e l l s  (E3 t o  €10) were b u i l t  

and f i l l e d  and s i x  e l e c t r o d e p o s i t i o n  exper iments were run. The tel!s were 

a l l  o f  the  type shown i n  f i g u r e  8 and d i f f e r e d  i n  the  length  o f  t h e  p la t i num 

e l e c t r o d e  and i n  the  e l e c t r o l y t e .  They a re  summarized i n  the  f o l l o w i n g  t a b l e .  

C e l l  

E3  

E4 

E 5  

Ed 

€7 

E 8  

E9 

- 

E IO 

E l e c t r o l y t e  E lec t rodes  

Four 2 " ~ O . O l d ' ~  P t  w i res  

Four 1.211x0.01611 P t  w i res  

Four 1 .21'x0.01611 P t  w i res  

Four 1.2"x0.016" P t  w i res  

3 AgNO 

Pb( NO3)* 

Ag2S 

AgNO 

CUC 1 S i x  I .2"x0.016~1 P t  w i res  

3 

S i x  1 .218x0.01611 P t  w i res 
3 AgNO 

3 AgNO 

CUC 1 

One 211x0.01611 P t  w i re  and f i v e  
0.0lbll diam. P t  sur faces  

One 2 " ~ O . O l b ' ~  P t  w i re  and f i v e  
0.0ldlI diam. P t  sur faces 

E 7  brake durfns, fi!ling and Cels E8 and E 9  were no t  ye t  run. 

The remain ing c e l l s  were run w i t h  va ry ing  degrees o f  succi?ss. I n  a d d i t i o n ,  

Cell E2, which had been f i l l e d  dur ing the  prev ious  quar ter ,  ms run. The 

r e p o r t s  on the  i n d i v i d u a l  experircents follow. 
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I 
- F i  1 1  i n g  Tube (Capi 1 l a r y )  

n 7 n 

Cup t o  A i d  
- O f f  

0 .O 16II D i am. 
P la t inum Wi re  
E 1 e c t  rodes 

- 

Glass Cover ing 
Tungsten Feedthrough 
and I n i t i a l  P a r t  o f  
P la t inum Wire 

- 

ELECTROPLAT I NG CELL 

I n  some c e l l s  two a d d i t i o n a l  e l e c t r o d e s  have been 
brought i n  through t h e  top o f  t h e  c e l l .  

I n  some c e l l s  t h e  cathodes have been c u t  o f f  f l u s h  
w i t h  t h e  feedthrough glass.  



2.3  CELL E2 

A c e l l  cons i s t  n9 o f  a 30 mm 0.0. glass c y l i n d e r  about 72 mm long and conta in -  

i n g  f o u r  pa ra i  e i  2" x 0.016'' diameter p!at inum wire e lec t rodes  was f i l l e d  

w i t h  0.1593 gm o f  AgNO 

as t h e  anode, two as cathodes and the remaining one a s  a reference e lec t rode .  

One cathode was p l a t e d  w i t h  s i l v e r  a t  room temperature so t h a t  t h e  e l e c t r o l y t e  

was i n  t h e  l i q u i d  s t a t e  and subsequently the  o the r  was p l a t e d  a t  a temperature 

w e l l  above the  c r i t i c a l  temperature o f  ammonia. The c e l l  impedance d u r i n g  

the  gaseous p l a t i n g  was so h i g h  t h a t  t h e  c e l l  c u r r e n t  was on ly  a f r a c t i o n  o f  

t h a t  used f o r  t he  l i q u i d  p l a t i n g ,  even though a much h igher  vo l tage was used. 

i n  20 cc o f  NH 
3 3 

a t  -78OC. One e lec t rode  was chosen 

The exper imenta l  cond i t i ons  were as fo l l ows :  

Approx. 
E l e c t r o l y t e  Temp. C e l l  Pres. C e l l  

S ta te  - OC A t m .  Volts 

L i q u i d  21 9 4.5 
Gas 150 230 200 

Small d iameter w i res  were us?d  as e lec t rodes  

Current  Time Charge 
ma. - Sec. Fa rada y s 

47 100 4 . 7 ~  1 f 5  

5.2 500 2 . 7 ~  I f 5  

i n  order  t o  o b t a i n  h i g h  cu r ren t  

d e n s i t i e s  so t h a t  d e p l e t i o n  e f f e c t s  a t  the e l e c t r o d e  sur faces wuuld be s r i p ? i -  

f i c d .  The depos i ts  ob ta ined were t h d r e f o r e  no t  smooth and uni form, as had 

been ob ta ined e a r l i e r  a t  a lower cur re i i t  density. The l i q u i d  phase o l a t i n g  

was i n  the  form o f  a heavy, mossy, sponge-like, somewhat c r a t e r e d  o r  pock 

marked depos i t  on the  cathode. The gas phase de,osit was more c r y s t a l l i n e  

i n  appearance w i t h  small whiskers growing r a d i a l l y  f rom the  w i re .  Larger  

whiskers were heavy and mossy i n  appearance and i n  p laces would merge t o  form 

a mossy depos i t .  Smal ler  whiskers appeared more l i k e  small c r y s t a l s .  T h i s  

i s  i n  agreement w i t h  the  sxpected behavior i n  t h a t  t he  spongy, pockmarked 
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appearancz o f  the l i q u i d  ,?haw p l a t i n g  i s  probably  J r * c s u l t  o f  t h e  fo rmat ion  

o f  hydrogdn bubbles. Such bubbles would i n h i b i t  t h e  fo rmat ion  o f  c r y s t a l s  

such as appeared i n  the  gas p h a s e  p l a t i n g .  The r e s d l t  is not  c c n c l u s i v c  

s ince  th.: c u r r e n t  d e n s i t i c s  were so d i f f e r e n t .  

2.4 CELL E 3  

T h i s  c z l l  (whose volume was approx imate ly  40 cc) was f i 1 l r . d  w i t h  O.lbO0 gm 

o f  AQNO 

a l lowed t o  warm. 

t h d  anode 3nd one cathod2 f o r  100 seconds. The t o t a l  chargL was thus about 

i n  about 20 cc o f  NH 
3 3 

a t  -78'~. The c e l l  was p l s c i d  i n  th,: bonb 3nil 

.It a temp,:raturt o f  ld°C a c u r r e n t  o f  5.3 ma was run  be twdm 

5.5 x IOmmb faradays, zpproxlnatk: ly o n ? - f i f t h  o f  tbt uszJ i n  t f i z  p r c v i c u s  

e l e c t r o d c F o s i t i o n  exper iment.  The v o l t a g e  br twzzn t h i s  cathode and the a n d i  

d u r i n g  p l a t i n g  was 1 vl;lt, w h i l d  tt-. v o l t 3 g z  bztwz,n th,: r-ferdncc: ~1,c t rodz 

and t h e  cathode was 0.5 v o l t s .  The c d l l  was then hcated t o  145 C and sub- 

j e c t e d  t o  an e x t e r n a l  pressuri: o f  240 a t m ,  A t  t h i s  p o i n t ,  b,:for2 c l e c t r o -  

d e p o s i t i o n  cou ld  bz t r i e d ,  th, thLrmococlole blew out  c f  i t s  seal i n  t h e  bomb 

h=?;~c! 2nd przssurt :  V Q S  l c s t ,  3 i l o w i n g  ti-c: c d l l  t o  b u r s t .  T h i s  was the  f i r s t  

0 

nning o f  tilL program, and 

y i n s t a l  !dd so t h a t  t h e  troubl,: 

t i m z  t h i  small  bomb had bedn usdd slnct; the b q  

it i s  bcli,ved t h a t  th2 th:rmocouplL i s  present 

cannot occur aga i n. 

-0 The d l d c t r o p l a l c  o b t a i n i d  a t  16 C w s  I U C ~  smoothdr than w ~ l s  ob t3 inza  i n  t h i  

p r c v i c u s  experi, , idnt ( E - 2 )  . h r t  a much h i y h z r  c u r r d n t  L n s i t y  and t o t a l  c h I r g L  

were usdd. The depos i t  ap,;,ared a s  a t h i n ,  f r l i r l y  uni form, c o a t i ,  g o f  s i l v z r  

on th, f i r s t  cathode. Th.- coatincj i s  somewhat rough, hav ing  lumps o r  h i l l s  

r i s i n g  from J smooth background. Therd a r z  S O ~ C  b l a c k  s t a i n s  on th;: ddposi t ,  

p o s s i b l y  f rom decomposed -4gPJO l c f t  t h e r e  a f t z r  t h d  c c l l  b u r s t .  3 
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2.5 CELL E 4  

T h i s  c e l l  (o f  40 cc volume) was f 

20 cc of NH a t  -78'2. The 5 G 1 i i t  3 
e i t h e r  

s o l u b l e  

be 1 i ke 

l l e d  w i t h  0.2698 gm o f  Pb(NO;j)2 i n  about 

OR appeared s l i g h t l y  cloudy, i n d i c a t i n g  

ncomplete d i s s o l u t i o n ,  o r  s o l v o l y s i s  w i t h  t h e  fo rma t ion  o f  a s l i g h t  y 

amide. 

y s ince  no elementary lead was observed. 

U 
D i s p r o p o r t i o n a t i o n  ( t o  form Pbo + Pb ) does no t  appear t o  

C u r r m t s  w r e  passzd through t h e  c e l l  a t  room tempzraturc and a t  a temperature 

above t h e  c r i t i c a l  p o i n t .  The c o n d u c t i v i t y  a t  1J+2OC was h ighe r  than expected. 

The exper imentz l  c o n d i t i o n s  w e r i  a s  f o l l o w s :  

Temp. C z l l  Current Tima Charge 
C d o l t s  rra . Sec. Fsradays ---- 
0 - 
20 2 - 4  5.3 126 6.7x 1 o-d 

The depos 

i s h  lumps 

42 55 5.3 126 6.7~ 1 O-b 

t a t  20 C on t h e  l o w  tempcrature cathode was i n  the  form o f  ye l l ow-  

on a d u l l ,  dark  P t  background. The depos i t  had nc m e t a l l i c  appear- 

0 

ance. 

by many small y e l l o w  lumps. 

There were numerous l a r g ?  ye l l ow  lk,rnps w i t h  spaces between o c i u p i d d  

The h i g h  tzmperature cathodz h i d  turned b lack i sh ,  t h e  b i 3 c k  f l i m  be ing  con- 

concent ra ted  n i t r i c  acid,  which 

y d i v i d e d  p l a t i n u m  produced by 

than lead which i s  s o l u b l e  i n  

t i nous .  T h i s  b l a c k  f i l m  was i nso lub le  i n  

wou 1 3 

reduc t  

n i t r i c  

n d i c a t e  t h a t  i t  may havz teen f i n e  

on o f  Nt14 on t h a t  surface, r a t h e r  

ac id .  

+ 
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One p o s s i b l e  i n t e r p r e t a t i o n  o f  these f a c t s  i s  t h a t  s o l v o l y s i s  may occur .  

Pb++(N03)2- + 2PdH = Pb(NH2)2 + 2MH4 + -  NO3 3 

9 t  h igher  temperatures the  s o l u b i l i t y  o f  lead amide may be cons iderab ly  lower 

than a t  room temperature thus d r i v i n g  the  r e a c t i o n  toward complet ion.  A t  

h i g h  temperatures, t h i s  would lead t o  fo rmat ion  o f  ammonium n i t r a t e  which 

would account f o r  the  u n e x p x t z d l y  h i g h  observed c o n d u c t i v i t y  and absence o f  

l ead  dspos i t i on .  The lead amide might we l l  be y e l l o w  i n  appearance and might  

a l s o  be present  as PbNH under the  cond i t i ons  o f  f o r m t i o n .  F i n a l l y ,  as lead 

amide i s  formed w i t h  inc reas ing  temperature, i t  would s t a r t  p r e c i p i t a t i n g  

f r o m  s o l u t i o n .  Poss ib l y  i t  would deposi t  p r e f e r e n t i a l l y  on the  lead c o a t i n g  

and t h i s  might  account f o r  th- yd l l ow  lumps deposi ted i n  t h a t  reg ion.  

2.6 CELL E 6  

T h i s  c s l l  ( w i t h  a volume o f  40 cc)  was f i l l e d  w i t h  0.1733 gm o f  AgNO 

about 20 cc o f  NH 

t u r e  and a t  a temperature abovc: t he  c r i t i c a l  p o i n t  o f  NH The exper imenta l  

c o n d i t i o n s  were as f o l l o l / ~ s :  

i n  
3 

a t  -78OC. E lec t rodepos i t i ons  were made 3 t  room tempera- 
3 

3. 

Temp. C a l l  Current T ime Charge 
C Volts r i a  . S C C .  F I !-a days - 0 - 

18 1 .b5 5 07 120 
-b 

7 . 1 ~ 0  

142 8.2 5.7 120 7. l x l o - b  

0 The s i l v e r  deposi t  a t  18 C was nonuni form and a b i t  d i r t y  i n  appearance. The 

depos i t  was i n  the  form o f  gray lumps on a d u l l  b lack  background. I t i s  not 

ean and less  un i fo rm than t h a t  ob ta ined w i t h  known why t h i s  depos i t  i s  lzss c 

C e l l  E3  under s i m i l a r  cond i t i ons  

- 1  1 -  



0 The s i l v e r  depos i t  a t  142 C was q u i t e  un i fo rm and very  c lean i n  appearance. 

A l though no roughness was v i s i b l e  over most o f  t he  deposi t ,  t he  sur face  had 

a spa rk l y  appearance r a t h e r  than a u n i f o r m l y  sh iny  appearance. The most 

i n t e r e s t i n g  f e a t u r e  was the  growth o f  whiskers o r  needles about 0.01" long 

on t h e  t i p  o f  the  P t  w i r e  e lec t rode.  The appearance o f  these i s  i l l u s t r a t e d  

.t- 0.016l1 diam. P t  w i r e  I 
T h i s  i n d i c a t e s  t h a t  s i n g l e  c r y s t a l s  o f  Ag were grown from t h e  gaseous e l e c t r o l y t e .  

Another i n t e r e s t i n g  r e s u l t  from t h i s  c e l l  was t h a t  t he  c e l l  vo l tage  d u r i n g  p l a t -  

i n g  a t  142 C was o n l y  f i v e  t imes g rea te r  than a t  18OC. 

increase o f  e l e c t r o l y t e  impedance by o n l y  a f a c t o r  o f  5 w h i l e  go ing  from 18 

t o  142OC. 

increased by a f a c t o r  o f  400. 

t r o l y t e  dens i t y  i n  the  c e l l  E 6  due t o  a g rea te r  f r a c t i o n a l  f i l l i n g  w i t h  NH 

The approximate concent ra t ions  of  gaseous ammonia i n  t h e  t w o  c e l l s  a r e  21 and 

24 m o l e / l i t e r .  The d i f f e r e n c e  appears t o  be t o o  small  t o  account f o r  t h e  d i f -  

fe rence i n  c e l l  impedance. However, i f  t h e  ammonia d e n s i t i e s  a r e  i n  t h e  r i g h t  

region, then the  d i e l e c t r i c  constant increases approx imate ly  e x p o n e n t i a l l y  w i t h  

ammonia concent ra t ion .  

has never been measured a s  a f u n c t i o n  o f  temperature and concent ra t ion ,  one 

cannot draw a d e f i n i t e  conclusion on t h i s  p o i n t  a t  t h i s  t ime. 

0 
T h i s  i n d i c a t e s  an 

0 

On t h e  prev ious  gaseous e l e c t r o d e p o s i t i o n  (E2) ,  t h e  c e l l  impedance 

Th is  discrepancy might be due t o  a g rea te r  e l e c -  

3' 

Since the d i e l e c t r i c  cons tan t  o f  dense gaseous ammonia 
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2.7 CELL E5 

T h i s  c e l l  ( w i t h  a volume o f  40 cc)  was f i l l e d  w i t h  0.1531 gm o f  Ag2S i n  20 cc  

o f  NH a t  -78Oc. 

whether S- cou ld  be o x i d i z e d  i n  s i t u  t o  form a u s e f u l  e l e c t r o d e  i n  ammonia. 

Most of t h e  Ag2S remained undissolved i n  t h e  bottom o f  t h e  c e l l .  

w i r e  e lec t rodes  were designated A, B, C and D .  The c e l l  was loaded i n  the  

T h i s  c e l l  was intended bo th  for  e l e c t r o d e p o s i t i o n  and t o  see 
- 3 

The four P t  

l a r g e  bomb, a l lowed t o  warm t o  room temperature, and emf measurements were 

made on t h e  s i x  e l e c t r o d e  p a i r s .  A c u r r e n t  o f  0.5 ma was r u n  for 120 seconds 

between t h e  e lec t rodes  A and D w i t h  t h e  p o l a r i t y  A'D". Thus D had a depos i t  

o f  s i l v e r  and .4 may have had s u l f u r  ( i n  a valence s t a t e  h igher  than s u l f i d e ) .  

The c e l l  v o l t a g e  r e q u i r e d  was 33 v o l t s .  E m f  measurements were aga in  made 

on t h e  s i x  e l e c t r o d e  p a i r s .  The emf measurements were repeated a f t e r  60 hours. 

0 The c e l l  Nas then heated and emf measurements were made a t  90 C .  The c e l l  

was then  r a i s e d  t o  145OC but  was found t o  be open c i r c u i t e d  and apparen t l y  

broken SG t h a t  no f u r t h e r  experiments cou ld  be t r i e d .  The emf measurements 

were as fo l l ows :  

Approx. 
Time Temp. E lec t rode Emfs i n  mv 
Hrs. 0 C AB AC AD CD BD BC Motes - 

-0.8 +0.7 +1.3 +5.6 +4.0 Before  charg ing  

-2d +348 +355 +373 +9 Jus t  a f t e r  charg ing  

0 20 -5. 

1 20 -35 

60 20 -38 

61 90 0 

( A f t e r  s tand ing  
(- 60 hours 8 -40.7 -35.9 +2.7 +2.3 - 1 . 1  

+4.9 +1.4 -6 -2 +4.3 A f t e r  hea t ing  

A f t e r  t h e  e l e c t r o l y s i s ,  t he  vol tages on a l l  p a i r s  except BC were no t  s t a b l e  

and were z i t h e r  dropping or r i s i n g  r z p i d l y .  6C was s t m d y .  A f t e r  t h e  run, 
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when the  c e l l  was removed f rcm the  bomb and the  e l e c t r o d e  sur faces  examined 

w i t h  a microscope, no depos i ts  were v i s i b l e .  

The r e s u l t s  o f  t h i s  run a r e  ambiguous. The s i l v e r  t h a t  was deposi ted (as  

evidenced by the  increase i n  emf of e l e c t r o d e  D by about 350 mv) appeared 

t o  r e d i s s o l v e  a t  room temperature, whereas, t he  o x i d i z e d  s u l f i d e  (decrease 

i n  e m f  o f  e lec t rode  A o f  about 30 mv) appeared t o  p e r s i s t .  

2.8 CELL E10 

Th is  c e l l  ( w i t h  a volume o f -  40 c c )  was f i l l e d  w i t h  0.1096 gm o f  CuCl i n  

20 cc o f  NH 

t h e  depos i t  more c l e a r l y  v i s i b l s  against  the  s i l v e r y  p la t i num subs t ra te .  

Un fo r tuna te l y ,  the  CuCl c e l l  w i t h  long e lec t rodes  (E7) was broken du r ing  the  

f i l l i n g  process. C e l l  E10 had the cathode w i res  cu t  o f f  f l u s h  w i t h  t h e  g lass  

which covercd the  feedthrough w i r c  f o r  a d i s tance  o f -  3/4" i n t o  the  c e l l .  A 

O.Ol6' diameter sur face  o f  2 t  was thas exposed f o r  t he  cathode sur face.  The 

CuCl d i d  not  complete ly  d i s s o l v e  in t he  ammonia but  tu rned from i t s  normal 

y e l l o w  c o l o r  t o  pa le  b lue  on exposure t c  ammonia. The l i q u i d  i n  the  c e i i  

had a b lue  c o l o r  i n d i c a t i n g  t h a t  some o f  the s a l t  had gono i n t o  s o l u t i o n .  

The valence s t a t e  o f  t he  m a t e r i a l  i n  s o l u t i o n  was no t  es tab l i shed.  

a t  -78OC. I t  was hoped t h a t  t h e  red  c o l o r  c i  copper would make 3 

There were s i x  e lec t rodes  i n  t h i s  c e l l ,  one anode and f i v e  cathodes. Two 

o f  t he  cathodes were used for low temperature e l e c t r o d e p o s i t i o n  p r i o r  t o  

p l a c i n g  the  c e l l  i n  the  bomb wh i le  t h e  remain ing t h r e z  were used f o r  h i g h  

temperature e l e c t r o d e p o s i t i o n .  The two low temperature cati-iodes were 
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des ignated  Gn and Gy w h i l e  t h e  anode was designated A and the  t h r e e  h i g h  

temperature cathodes were B, C and 0. The exper imenta l  c o n d i t i o n s  were as  

f o l l o w s .  

Cathode 

Gn 

GY 

B 

C 

D 

Temp. C e l l  Current Time Charge 
C V o l t s  ma. - Sec. Faradays 
0 - 

-b 
-30 2 0.2 3600 7.5 x 10 

-30 5 2.2 840 1.9 10-5 

97 375 0.04 900 3.7 10-7 

142 375 0.037 3600 1.37x 10-b 

115 375 0.033 900 3 -  

The low temperature depos i t s  were examined v i s u a l l y  be fo re  

t u r e  p l a t i n g  was attempted. The depos i ts  were seen t o  bz 

x lo - ' /  

t h e  h i g h  tempera- 

n t h e  form o f  

approx imate ly  spher i ca l  growths on each cathode, t h e  one cn Gn be ing  about 

1.5 mm diam. w h i l e  t h e  one cjn Gy was about 4 mm diam. 

very  dark  coppery red  i n  c c l o r  and had no m e t a l l i c  appearance. When t h e  c e l l  

was removed from the  bomb a f t e r  the h i g h  temperature p l a t i n g ,  t h e  low tempera- 

t u r e  depos i t s  were no longsr  v i s i b l e  and no h i g h  temperature depos i t s  were 

v i s i b l e .  

bu t  no apparent deposi t ,  a l though i t  was d i f f i c u l t  t o  be c c r t a i n  on so small  

an e l e c t r o d e  surface. 

The depos i t s  were 

i nspec t i on  o f  the  e l cc t rodds  w i t h  a microscop2 showed d i s c o l o r a t i o n  

apparent absence o f  h 

formed may be so lub le  

l o w  temperature depos 

gh tcmperature depos 

a t  h i g h  temperatures 

t s  i s  t h e i r  l a r g e  vo 

The disappearance o f  the  l o w  temperature depos i t s  a f t e r  h e a t i n g  and t h e  

t s  suggests t h a t  t h e  depos i t s  

An i n t e r e s t i n g  f e a t u r e  o f  t he  

u w ,  i n d i c a t i n g  a low dens i t y .  
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Assuming t h a t  s o l i d  copper of dens i t y  8.96 i s  the  substance deposited, a 

s p h e r i c a l  depos i t  o f  1.9 x 

0.65 mm o r  o n l y  1/6 of t h e  diameter of t he  depos i t  observed on Gy. 

d e n s i t y  o f  t h e  depos i t  on Gy i s  there fore  only 1/200 of t h e  dens i t y  o f  copF;er 

assuming a monovalent ca t i on .  

i s  1/40 t h e  d e n s i t y  of coppt r .  

due t o  a f a c t o r  o f  10 i n  c u r r e n t  dens i ty .  A p o s s i b l e  exp lana t ion  i s  t h a t  

t h e  depos i t s  formed a t  low temperature and h i g h  c u r r e n t  d e n s i t y  a r e  very  

porous copper depos i t s  which c i t h c r  d i sso l ved  or d i s i n t e g r a t e d  d u r i n g  t h e  

course of t h e  h i g h  temperature experiments. 

h i g h  tempcrature CuCl experiments us ing  longer e lec t rodes  and t o  check t h e  

s o l u b i l i t y  of copper i n  ammonia a t  h i g h  temperatures. 

Faradays of Cu+ should have a diameter o f  

The 

S i m i l a r l y ,  t h e  dens i t y  o f  thc depos i t  on Gn 

The d i f f e r e n c e  betwzcn t h 2  two i s  p robab ly  

It i s  planned t o  repeat t h e  
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3.0 FUTURE PLANS 

Dur ing  the  next  qua r te r  i t  i s  planned t o  cont inue the  e l e c t r o d e p o s i t i o n  

experi ,mnis and h o p e f u i i y  b r i n g  them t o  a conclus ion.  It i s  a l s o  planned 

c a i  p o i n t  us ing  

Since t h e  

n t h e  e l e c t r o -  

t o  t r y  some c o n d u c t i v i t y  ex2eriments above and below 

a s i l v e r  n i t r a t e  i n  ammonia e l e c t r o l y t e  and s i l v e r  e 

s i l v e r ,  s i l v e r  n i t r a t e ,  ammonia system seems so w e l l  

t h e  c r i t  

e c t  rodes 

behaved 

d e p o s i t i o n  experiments, i t  i s  hoped t h a t  meaningful  c o n d u c t i v i t y  measurements 

can be made as a f u n c t i o n ' o f  temperature, concentrat ion,  and densi ty .  

F i n a l l y ,  i t  i s  planned t o  i n i t i a t e  exper iments i n  polarography us ing  the  

dropping mercury e lec t rode  technique. These would be  t he  f i r s t  gas phase 

polarography measursments and should permi t  i d e n t i f i c a t i o n  o f  the  gaseous 

ions, e.g. i n  the  case o f  t h e  lead exper iments.  

L 
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